Phylogenetic analysis within the VP1 region now enables molecular typing of enteroviruses consistent with neutralization results. Three untypable isolates, 2776/82, 57/99 and 22/00, from Korea, North India and Bangladesh, respectively, showed within this region 98n0-99n0 % amino acid identities. These were less than 77 % to the previous enterovirus prototypes, but 91n5-92n5% to CA55-1988, the recently identified enterovirus 73 (EV73) prototype from California. All three strains were, however, most similar to CA64-4454, an EV73 prime strain, to which they shared 96n5-98n5 % identity. Seven compared EV73 strains formed two clusters in the VP1 dendrogram, one cluster with strains from South and East Asia and CA64-4454, and the other with strains from Oman and California including the prototype. When sequencing the complete open reading frame of 2776/82, its non-structural region was found to be divergent from all human enterovirus B (HEV-B) strains, including CA55-1988, indicating that one or other strain was recombinant. Boot scanning of the genomes showed a recombination point within the P2 region. Therefore, part of this was sequenced for 57/99 and 22/00 and was found similar to 2776/82, while CA55-1988 was similar to coxsackievirus B3, demonstrating that CA55-1988 was the recombinant. Since all strains of EV73 isolated so far outside California originate from Asia, where it has a broad geographical distribution, it seems that EV73 may have been introduced to California from Asia. Further analysis of EV73 strains will reveal if the recombination occurred in the USA or in Asia and will help to elucidate the origin of this virus.
Introduction
Enteroviruses form one genus of the Picornaviridae family of small non-enveloped plus-sense RNA viruses. The genome, 7500 nucleotides in length, has a single open reading frame (ORF), with three main genomic regions designated P1-P3 flanked by untranslated 5h-and 3h-extremities. The P1 region encodes the capsid proteins VP1-VP4, while the P2 and P3 regions encode seven nonstructural proteins with the same functions in different types (involvement in the viral RNA replication and processing of viral proteins). The 5h-noncoding region contains the initiation site for synthesis of the genomic RNA and the internal ribosomal entry site enabling capindependent translation, while the 3h-noncoding region is involved in the initiation and synthesis of the complementary RNA strand.
The junction between the P1 region, and the P2 and P3 regions, may be the site for recombination events, which do not change the serotype or affect important virus functions. Such recombinants between wild-type and vaccine strains of polioviruses, as well as between different enterovirus types belonging to the same species, have been described (Furione et al., 1993 ; Santti et al., 1999 ; Guillot et al., 2000) .
The Enterovirus genus comprises 65 types, which are assigned to four genomic groups or species designated human enterovirus (HEV-A through D), based on degree of similarity within the VP2 region (Po$ yry et al., 1994 (Po$ yry et al., , 1996 Dahllund et al., 1995 ; Pulli et al., 1995 ; Huttunen et al., 1996 ; Oberste et al., 1999a) . Coxsackie A virus 2-8, 10, 12, 14 and 16 and enterovirus (EV) 71 belong to HEV-A. All echo-and coxsackie B (CB) viruses, coxsackie A9 virus, EV69 and EV73 form HEV-B. Coxsackie A virus 1, 11, 13, 15, [17] [18] [19] [20] [21] [22] BHCC they have distinct receptor usage and unique clinical features of infection. HEV-D is formed by EV68 and EV70 (Po$ yry et al., 1996 ; Hyypia$ et al., 1997 ; Oberste et al., 1999b) .
Classical typing of enteroviruses relies on virus neutralization in cell cultures with pools of type-specific polyclonal antisera followed up by neutralization with monospecific antisera. Recently, enterovirus strains belonging to the same type have been shown to share sequence similarity within the VP1 region (Oberste et al., 1999a (Oberste et al., , b, 2000 Norder et al., 2001) . Although, the exact molecular counterpart, i.e. the typespecific amino acid residues of the capsid proteins that define the different enterovirus serotypes, remains to be elucidated, this sequence similarity enables molecular typing of enteroviruses (Oberste et al., 1999a, b ; Norder et al., 2001) . VP1 sequencing has also been applied to strains not neutralized by available antisera to investigate whether these are just divergent or represent putative new types (Oberste et al., 2000) .
A new enterovirus type within HEV-B designated enterovirus 73 (EV73) was recently proposed (Oberste et al., 2001) . We report here on three enterovirus isolates with Asian origins showing 91 % sequence identity to EV73. The complete polyprotein of an isolate originating from Korea was deduced by sequencing and compared with that of the EV73 prototype. Part of the P2 region for all three strains was also compared with that of the prototype.
Methods
Virus strains. Three enterovirus isolates, 2276\82, 57\99 and 22\00, were investigated. 2276\82 was isolated on human lung fibroblasts from stool of a 7-month-old Korean infant without symptoms. 57\99 was isolated on Green Monkey kidney cells from a 23-year-old man hospitalized with myocarditis after a travel in North India, where he fell ill with fever and diarrhoea. 22\00 was isolated on RD cells from a two and a half-year-old girl with a 3 day history of nausea and vomiting after returning from Bangladesh. Typing attempts had been unsuccessful for all three isolates using neutralizing antisera according to current laboratory procedures (Grandien et al., 1995) .
Molecular methods. RNA extraction and reverse transcription 
were performed as described (Norder et al., 2001) . The VP1 region was amplified by PCR with primers 76C\62C and sequenced in both directions (Norder et al., 2001) . The complete ORF of the genome of 2776\82 was amplified with primers 6N (sense ; 5h GTACCTTTGTGA-GCCTGTT 3h) and 3PR (antisense ; 5h TAWMGRARAATTTACCCCY-AC 3h) with the Expand Long Template PCR System, according to the manufacturer (Roche Diagnostics). The amplificate was sequenced by primer walking in both directions using cycle sequencing with fluoresceinlabelled dideoxy-chain terminators and the reagents in the BigDye sequencing kit (Applied Biosystems). Primers used in the sequencing reactions are available upon request. The P2 region of isolates 57\99 and 22\00 was amplified with primers 296 (sense ; 5h TGGGNGGHGARGGNGTIGTIGGNTT 3h) and 1471 (antisense ; 5h TGACNGGRCARCACTCNTCRTCACA 3h). The amplificate was sequenced in both directions with the primers used in the PCR and primer 1295 (5h GCATYYTGTTYACBTCHCCRTTYGT 3h) as sequencing primers.
Sequence analysis. The VP1 sequences of the three isolates were aligned with those of 127 enterovirus strains belonging to HEV-A through D. The sequence of the complete P1 region for 2776\82 was aligned with those of 54 enterovirus strains retrieved from GenBank. The sequence obtained of the P2 and P3 regions of strain 2776\82 as well as 1188 nucleotides of the P2 region of strains 57\99 and 22\00 were aligned with the corresponding sequence of 51 enterovirus strains retrieved from GenBank. The number of nucleotides and predicted amino acid differences were calculated with the Mega program package, version 1.02 (Kumar et al., 1993) . Genetic distances were calculated using the Kimura two-parameter method for the nucleotide sequences and the Dayhoff PAM matrix for the deduced amino acid sequences. The dendrograms were constructed using the UPGMA and neighbourjoining algorithms in the PHYLIP 3.57 program package (Felsenstein, 1993) . Bootstrap anaysis was performed on 1000 replicas using the programs Seqboot and Consense (Felsenstein, 1993) . Similarity and bootscanning analyses were performed using the SimPlot program (Lole et al., 1999 ; Ray, 1997 ) and a boot-scanning program package using the PHYLIP package for phylogenetic analysis (Salminen & Cobb, 1998) . The sequences were also analysed using the Recombinant Identification Program (RIP) (Siepel & Korber, 1995) .
Results
The VP1 region of the three strains 2776\82, 57\99 and 22\00 was 92 % identical to that of the recently described EV73 prototype strain, CA55-1988 up to 77 % for echovirus 29, as compared to all other 64 enterovirus prototypes. Our three strains, together with the four previously published EV73 isolates, formed a separate cluster in a dendrogram based on the 199 deduced aminoterminal codons of the VP1 region for 105 enterovirus strains belonging to HEV-B (Fig. 1) . These seven EV73 strains formed two subclusters. One subcluster was formed by the strains CA55-1988, CA78-1480 and OMAN95, and the other Prototype enterovirus 73 strain is recombinant Prototype enterovirus 73 strain is recombinant subcluster was formed by 2776\82, 57\99, 22\00 and CA64-4454. The amino acid sequences of the strains within each subcluster varied by from 1n0 to 5n0 %, while the strains in different subclusters diverged by 7n5 to 8n5 % (Table 1 ). All EV73 strains showed 22n1 to 42n2 % divergence from other prototype strains within HEV-B. 
BHCG
In a dendrogram based on the deduced 854 amino-terminal codons of the P1 region, nucleotides 745-3306, strain 2776\82 formed a subcluster with CA64-4454 in a cluster including all four previously published EV73 strains (Fig. 2) . The amino acid sequence of this region of 2776\82 diverged by 5n4 to10n2% from that of other EV73 strains (Table 1) , and by 22n1 to 40n7% from the other HEV-B strains.
Strains 2776\82 and CA55-1988 were on separate branches in the cluster formed by the HEV-B strains in a phylogenetic tree based on the P2 and P3 regions, corresponding to nucleotides 3307-7311 (Fig. 3) . Strains 2776\82 and CA55-1988 diverged by 20 % in this region, and by 17 to 22 % and 13 to 21 %, respectively, from other HEV-B strains, which diverged by 1 to 23 % from each another in this region.
Similarity analysis of the complete P1-P3 regions of strains 2776\82, CA55-1988 and 24 other HEV-B strains showed a similarity between the two EV73 strains in the P1 region, consistent with that found when comparing homotypic viruses. However, in the P2 and P3 regions the similarity between 2776\82 and CA55-1988 was of the same magnitude as that found when comparing heterotypic HEV-B members. On the other hand, CA55-1988 showed 93 % similarity with CB3 strain Woodruff in the P2 region, between nucleotides 3700-5300, and 90 % similarity with CB3 strain 31-1-93 in the P3 region, between nucleotides 6400-6900. Bootscanning of the P1 through P3 regions showed 100 % support for trees with close association of CA55-1988 and 2776\82 in the P1 region. The analysis supported a clustering of CA55-1988 with CB3 strain Woodruff in the P2 region from nucleotide position 3500. There was no support for an association between 2776\82 and any other HEV-B strain. The putative recombination point in CA55-1988 was further located to position 3497 by using RIP.
In a dendrogram based on part of the P2 region, nucleotides 3593-4780, isolates 2776\82, 57\99 and 22\00 formed a separate cluster, while CA55-1988 formed a cluster with CB3 strain Woodruff (Fig. 4) . In the compared region isolates 2776\82, 57\99 and 22\00 diverged by 3n9 to 7n5 % from each other, by 20n6 to 21n3 % from CA55-1988, and 17n2 to 21n3% from other HEV-B members.
Discussion
Sequencing the amino-terminal part of the VP1 region within the enterovirus genome now enables, in addition to molecular typing of enteroviruses, the identification of genomes that represent putative new enterovirus types. The three strains characterized in this study could be classified as EV73 based on degree of sequence similarity with the prototype and phylogenetic analysis within the VP1 region. These three EV73 strains originate from Korea, Bangladesh and India, while the four recently published strains originate from California and Oman (Oberste et al., 2001) , showing a broad geographical distribution of this enterovirus type within Asia. The seven strains formed two subclusters in the dendrogram based on partial VP1 sequences, one with three previously described strains, and another comprising CA64-4454 and the three Asian strains described in this study. An antiserum produced against CA64-4454 has been shown to neutralize the strains from California and Oman, while antisera produced against the other Californian strains did not neutralize CA64-4454, indicating that CA64-4454, as well as our Asian EV73 isolates, might be prime strains of EV73. The finding that all EV73 strains so far isolated outside California originate from Asia, implies that this enterovirus type may not occur worldwide. Since EV73 has not been isolated in Europe before, it is possible that the strains from California also represent imports from Asia. If so, the finding of Asian representatives of both the prototype and the putative prime strain may indicate that these are independent imports from Asia.
The P2 and P3 regions of 2776\82 showed a high divergence from that of CA55-1988. While 2776\82 was divergent from all HEV-B members sequenced so far in these regions, CA55-1988 was most similar to CB3. The difference between the EV73 strains was also evident in the compared part of the P2 region, where the three Asian strains formed a separate cluster, while the prototype strain CA55-1988 clustered with CB3. The P2 and P3 regions may vary significantly between homotypic strains due to recombinations involving different serotypes (Furione et al., 1993 ; Santti et al., 1999 ; Guillot et al., 2000) . Thus the CA55-1988 strain seems to be a recombinant between a parental EV73 strain and CB3. Since CA78-1480 and OMAN95 cluster with CA55-1988 in the P1 region, it would be of interest to characterize the P2 regions of the former strains, and in particular OMAN95, to elucidate if the recombination event occurred before or after CA55-1988 like strains were imported to California.
The finding that CA55-1988 is a recombinant virus has relevance with regard to CA64-4454 being a prime strain. CA64-4454 cannot have been formed by genetic drift from CA55-1988, since only the latter strain should be recombinant, considering that none of our three Asian isolates in the same genetic subcluster as CA64-4454 was recombinant. The two subclusters of EV73 may represent two different genotypes, the geographical distribution of which should be further investigated and include limited sequencing within VP1 and P2 regions. This will also elucidate if the recombinant strain has spread outside California. Further analysis of EV73 strains will reveal whether the recombination event occurred in the United States or in Asia, and will elucidate the evolutionary history of this virus. The future description of recombinants for other
